Abstract
Introduction

47
Atmospheric pollutants have adverse effects on human health and ecosystems and are associated 
54
More than 1000 observation sites have been set up in more than 100 major cities in the country 55 to routinely monitor hourly concentrations of six criteria pollutants, i.e., O3, CO, NO2, SO2,
56
PM2.5 (PM-particulate matter), and PM10, and to inform the public on air quality status using 57 the air quality index (AQI). Analysis of the observation provided a general understanding of the 58 spatial and temporal variation of the levels of air pollution (Hu et al., 2014a; Wang et al., 2014c) , 59 the roles of meteorology in air pollution , and the construction of AQI based 60 on multiple pollutants to better inform the public about the severity of air pollution (Hu et al., 61 2015b). However, the monitoring system only considers criteria pollutants and the key species neighboring Hebei province contribute to high primary PM events in Beijing.
97
All above modeling studies except Hu et al. (2015a) were focused on the formation and source 98 apportionment of airborne PM during the severe pollution episode of January 2013 in northern 99 China. Although additional PM formation pathways and/or emission adjustments were imple-100 mented and tuned to better predict this extreme episode, model predictions were only evaluated 101 against a small number of measurements in and near Beijing for a relatively short period of time.
102
Extensive model performance evaluation of O3 and PM is urgently needed to build the confi- 
108
In this study, a yearlong (2013) air quality simulation using a WRF/CMAQ system was conduct- centrations of O3 and PM2.5 from this study will be used in subsequent studies to investigate the 114 interaction between O3 and PM pollution during high pollution events, the formation mechanism 115 of secondary inorganic and organic aerosols and the population exposure and health risk. 
Model description
118
The CMAQ model applied in this study is based on CMAQ v5.0.1. Changes were made to the 119 original CMAQ to improve the capability of the model in predicting secondary inorganic and 120 organic aerosol, including 1) a modified SARPC-11 gas phase photochemical mechanism to pro-121 vide more detailed treatment of isoprene oxidation chemistry (Ying et al., 2015) , 2) pathways of reactions of NO2 and SO2 on particle surface to form secondary nitrate and sulfate (Ying et al., 126 2014a). More details of these changes can be found in the cited references and the references 127 therein, thus only a short summary of the changes are provided below.
128
The isoprene mechanism in the original SAPRC-11 with standard lumping (Carter and Heo, 129 2012) was replaced by the detailed isoprene oxidation chemistry as used by Lin et al. (2013) to study SOA formation in Mexico City. All SOA yields were then corrected by the average bias 139 due to wall loss as reported in Table 1 of Zhang et al. (2014) . A modeling study of SOA for-140 mation in Eastern US reported by Ying et al. (2015) shows that negative bias in predicted organ-141 ic carbon (OC) concentrations reported in previous studies have been significantly reduced.
142
Formation of sulfate and nitrate due to heterogeneous reactions on particle surface is also mod-143 eled as a reactive uptake process. The reactive surface uptake coefficients of SO2 and NO2 on 
Model application
146
The updated CMAQ model was applied to simulate O3 and particulate air pollution using a 36-147 km horizontal resolution domain that covers China and surrounding countries in East Asia (Fig-148 ure 1). The meteorological inputs were generated using WRF v3.6.1 with initial and boundary and a non-methane VOC mapping approach for different chemical mechanisms (Li et al., 2014b) .
157
MEIC provides speciated VOC emissions for the SAPRC-07 mechanism with standard lumping 158 (Carter, 2010 were filled with data generated from the gridded 0.25º×0.25º resolution Regional Emission in-166 ventory in ASia version 2 (REAS2) (Kurokawa et al., 2013) . Details of the REAS2 emission processing are described by Qiao et al. (2015) . Detailed information about spatial and temporal 168 allocation can also be found in the papers cited above.
169
Biogenic emissions were generated using the Model for Emissions of Gases and Aerosols from Table 3 shows the model performance statistics of gaseous pollutants (1h peak O3 (O3-1h), 8h vations. In Xi'an, the model well predicts the O3-1h and O3-8h concentrations in July, August,
278
and September while over-predicts all other months by up to 20 ppb. In Shenyang, the trend of 279 O3-1h and O3-8h are well reproduced with less than 5ppb differences for all the months. In sions increases, and more particle surface area becomes available due to increase in primary PM
362
concentrations. In addition, ammonium nitrate is preferentially partitioned into the particle phase ponents with more than 60% contribution all over the year.
407
In Xi'an, the largest city in NW, the differences in PM2.5 at winter and other months are signifi- RH is more biased low in winter months (Table 1) . A previous study has revealed that air pollu- 
